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Scope and Purpose

Characteristic analysis is a method designed to treat various
domains of geologic data (i.e., geologic, geochemical, geophysical,
remote sensing) that have been transformed to Boolean form where
"1" means a '"'favorable" value, "0'" means an indeterminate wvalue
and "-1" means an "unfavorable'" value (Botbol, et al., 1978).
Favorability is defined by the condition that a measured value of
a variable is higher than the immediately adjacent values.

MODEL is an integral part of characteristic analysis. It
provides users with a way to familiarize themselves with the three
methods of calculating variables weights external to CHARAN, the
characteristic analysis program.

This report offers the user a guide for using MODEL and
contains worked examples. It also provides a brief ovarview of

the statistics and basis algorithm.
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Computer Restrictions

This program was written for use interactively on the
Honeywell Multics system in conjunction with a Tektronix 4014.
The minimum that a us2r must know to use MODEL is the login
procedure and how to link to the MODEL object segment (see
Appendix B). The capabilities of the user are enhanced by
knowledge of editors, which can be used to enter models prior

to invocation of the program. The program will ask if a Tektronix

is being used at the beginning of a session.



Program Limitations

The greatest limitation of this program is portability.
MODEL. was written for the Honeywell Multics and uses three machine-
dependent subroutines: assoc, closer and filprnt. Assoc is a
subroutine that attaches and opens a file, utilizing a given unit
number and file type. Closer is an entry name in assoc and closes
and detaches the data file given the unit number. Filprnt prints
a segment, in this case help_model.

This program can be changed to batch mode easily but it loses
its versatility to the user.

The number of cells and variables is limited to 10 each. This
can be increased by changing all entries in common block /a/, other
arrays dimensioned at 10 and any format statements that deal with

reading or writing one of the above arrays.



Data Input

Input data consists of the number of cells, the number of
variables and the model. The model is entered as the symbols -,
0 and + which correspond to -1, 0 and +1 respectively. These
data may be entered into a character segment prior to invoking
MODEL via a text editor. The setup of the segment is as follows:

line 1: number of cells (ncell): i2
number of variables (nvar): 1i2

lines 2-11: each line consists of the symbols for each
variable of a cell, up to 10 variables: 10al

An example of an input segment can be found in Appeadix A.
The name of the segment must be no more than 8 characters.

Input data may alternatively be entered via the terminal.
The program prompts for the data (see Apendix C). The user has
the option to save a model entered via the terminal either when a

new model is to be entered or at the end of a session.



Program design and usage

After linking to MODEL, upon execution, the program prompts .
for the transmission rate i.e., 30, 120, 960. A series of paragraphs
describing the structure of each matrix follows.

Next is the option of model entry. There are two ways of
entering data once within the program, either from an external
segment or from the terminal.

Upon model entry, the program then calculates and displays
the product, tally and probability matrices. The product matrix P
is calculated as:

P = X'X.
The product matrix is a v x v matrix where v is the number of
variables.

The tally matrix, T, is also a v X y matrix whose diagonal

elements, T equal the number of positive occurrences of variable 1i.

ii-
The upper triangular part of T, where i < j, is the number of
positive-positive matches for variables i and j. The lower
triangular part of T, wherg i > j, “s the number of negative-
negative matches of variables i and j.

The probability matrix, M, is a v x v matrix with diagonal
elements of 1.0. The upper triangular part of the matrix equals
the sum of Tij and Tji which are the number of positive-positive
matches and negative-negative matches, respectively for variables

i and j. The lower triangular matrix consists of trinomial pro-

babilities multiplied by 100 to yield percentages. The trinomial



probability, rij’ is calculated using the following equation:

then
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The trinomial probability, rij’ is defined for use in the
program model as the probability of observing up to k matches
which is interpreted as not being due to chance for wvariables i
and j.

Upon printing out the three matrices, the program prompts
for the type of calculation required by the user. There are three
methods for obtaining weights for the chosen variables: 1) sum of
squares method, 2) first principal component of the product
matrix and 3) first principal component of the probability matrix.
The input for the sum of squares method is the product matrix, P.
The weights obtained from the sum of squares method are calculated
using:

1 v
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where w, is the weight of variable i.
The input for the first principal component of the product
matrix is also P. The weights are obtained by solving the equation
| P- AIL| =0
where X is the largest characteristic root of the matrix. The

eigenvector of P is obtained by solving
Pw = Aw

where w'w = 1, w is an v x 1 vector which provides the weights for
the variables. |

M is the input for the first principal component of the pro-
bability matrix. The weights are calculated as the eigenvector

corresponding to the largest characteristic root of M.



Following calculation of the weights, the program then asks
if a new model is to be entered, and if so, asks if the old model is
to be saved as a segment? If not, it asks if another calculation
is to be performed with the existing model. Only one set of
weights are calculated on each pass of the program. The user has
the option of saving each model as a segment if the model was

entered via the terminal during program execution.

1o



Appendix A, Input segment example

The input segment name must be 8 characters or less. The
first line consists of the numbers of cells (ncell) and the number
of variables (nvar) both with i2 formats.

Lines 2-11 consist of the symbols -, 0, and + which represent
-1, 0, and +1 respectively. Each line consists of the symbols for
each variable of a cell and is read with a 10al format.

Example:
4 6
+0--++
0-—++-
---+-0

-+-+0+

11



Appendix B, Link to Model

1k >udd>ORERES>THanley>charan model>model

12



TAppPendlx L, LXAlpPLEC UL a luucs JGuvoavis

model
tektronix?

.NO
do gou want to see discrirtion of rrodram?

dyes

This eprodram exrects as inrput the number of cells(ncell) and variables
(nvar) in the model up to 3 maximum of 10 each. The model itself
consists-of -1, 0s, and +1. In the ourtut of the model matrix these
are rerresented by -r 0y 3nd + resrectiveluy. The product matrix
(nvar » nvar) is the model matrix epremultirlied by its transrose.

This matrix is used in the *rrimitive® or sum of sauares method.

Alond the diadonal of the tally matrix (nvar % nvar) are the total
number of rositive occurences of each variable. The urrer triandular
matrix consists of the rositive-rositive matches of the variables
and the lower triandular matrix consists of the nedative-riedative
matches., This matrix is used in the 1st esrinciral comronent
calculation.

The diadonal of the rrobsability matrix consists of 1.0.

The urrer triandular m3atrix consists of the rositive-rositive and
nedative-nedative matches obtained from the tally matrix and the lower
triandular matrix consists of the trinomial Pprobabilities.

d0 you want to enter model via terminal?

Jes
enter number of cells

4
enter number of variables

b
enter the model usindg - for -1, 0 for 0r and + for +1
each line consisting of 3ll variables for each cell

+0—=+4
O++++-
-00+-0
-+~-+0+
model matrix

+0--++
O+++ 4~
-00+-0
-+-4+0+
product matrix

3 -
-1
0
-3
2

o

HO ™ LIO O
[

O PO -
H
|

QU OrRM
i
-
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tally matrix

1 0 0 0 1 1
0 2 1 2 1 1
1 0 1 1 1 0
0 0 1 3 1 1
1 0 0 0 2 1
0 0 0 0 0 2
Frobability matrix
1 0 1 0 2 1
0 1 1 2 1 1
17 50 i 2 1 0
0 S0 50 1 i 1
67 17 33 0 1 1
33 17 0 0o 17 1

enter ture of calculation required

t primitive ture

2¢ 18t Frrinciral comronent

3¢ rrobability without rerlacement

1

variable characteristic rank

number welidht
1 0.183 2
2 0.121 S
3 0,166 3
4 0.216 1
S 0.148 4
b6 0.146 3

do vou want to enter a3 new model?

no
do sou want to run another calculsation on same model?

yes
enter ture of calculation required
1} primitive ture

2% 1st princirazl comronent
3¢ rrobability without rerlacement
3
variable characteristic rank
asmber weight
1 0.345 S
2 0.440 2
3 0.514 1
4 0.396 4
5 0,431 3
6 0.221 é

characteristic root= 0,22e+401
do gou want to enter 3 new model?

ses
14



- -

do wou want to save this model in 2 sedment?

yes
enter name of outrut file

-modell
do wou want to anter model vis terminsl?

no
““enter name of segment containing model (a8)
mg3

model matrix

++400
+++00
+00++
0+0 -+
00+++
froduct matrix

e B M
Ll o B S SN RN
- Gl P
Gl O]
[RENEEWTE

talls matri

.,
X

3 2 2 1 1
0 3 2 1 1
0 0 3 i 1
0 0 0 3 3
0 0 0 0 3
rrobability matrix
1 2 2 1 1
30 1 2 1 1
30 30 1 1 1
0 0 0 1 3
0 0 0 90 1

enter ture of calculation required
¢ primitive ture
2% 1st Frinciral comronent
3! rrobability without rerlacement

-1
variable characteristic rank
number weight

1 0.196 2
2 0.196 2
3 0.196 2
4 0.206 i
S 0.206 1

do wou want to enter 3 new model?

no 15



do wou want to run another calculation on same model?

ges
enter ture of calculation recuired

1! rrimitive ture

2¢ 1st rrinciral comronent

3% probability without rerlacement

2

variable characteristic rank

number weisht
1 0.447 1
2 0.447 1
3 0.447 1
4 0.447 1
] 0.447 1

characteristic root= 0,90e+01
do vou want to enter 3 new model?

no
do sou want to run another calculation on same model?

no
STOFR
fortran.io.: Close files? yes

r 1007 3.115 37.218 804

16
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'model.fortran

main rrodram for determining weidghts of characteristic~-aralesis models

common /a/ mstore(10+s10)ymodell(10s10)9ic(10+10)sirrobh(10+10)yexr(10+10)
dimension ss@(10)srank(10,2)ymat(10,10)ryitrans(10,10)sxmat(10,10)

double rrecision ifile

data ves/"u*/

tektrcrnix cslls and srodram exrlanation

rrint 1

format(1xe" tektronix®*/)

call ans(rz)

if{rzsriesyes) do0 to 7

rrint 5

format(1lxs® enter transmission rate?®/)
readyibaud

call initt(ibaud)

call newrad

rrint 8

format (1 "* do wou want to see discrirtion of rrodgram?"/)
call ans(rauz)

if{rauz.er.ges) call filerrnt("helr_model®)

entry of model

rrint 1S

format(1xs" do wou want to enter model via terminal?"/)
call ans(gz2)

if(rz2ieq.yes) g0 to 45

rrint 20

format(1:xs* enter name of sedment containing model (238)"/)
read(5,25) ifile

format (a28)

call assoc(10sifiles®si ")

read(10+30) ncellsnvar

format(2i2)

do 40 i=1,yrcell

read(10,35) (mstorel(ird)yd=1lynvar)

format(10a1)

continue

call closer(10)

g0 to 80

Frrint 50

format(1lxs"* enter number of cells "/)

readrsncell

rrint 55

format(ixy* enter numher of variables "/)

readrsnvar

rrint 40

format(ixs" enter the model using - for -1y 0 for 0y and + for +1°/° ea

\ceh line consisting of 311 variahles for each cell "/)

c
c

65
70

do 70 i=1sncell

read(S5y465) (mstorel(ird)sd=1lrnvar)
format(10a1)

continue

calculation of eproducts tally and Probasbility matrices
17
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n

?0
?S
\c*2:

[p]

110

P
w

[

I

120

aon

130

1 0N

140
150

160

165
170

call translat(ncellsnvar,$140)
if(pz.eq.yes) ca3ll newrad

call iccalcincell -nvar)

call transros(nceilrnvarsitrans)
call mult(ricellynvarsitransrmat)
call coprob(ncellsnvarrmat)

call writem(ncellrnvarsmat)

calculation of weights

Frint 95

format(1x:s* enter ture of calculation reauired®/Sxr"1! Pprimitive ture"/Sxy

1st princiral comronent®/S:xy*3: esrobability without rerlacement®/)
readritgpre
do0 to0(100,110,120) itype

calculation of weights ucind srimitive method

call prim(nicellynvarsrankrmat)
root=1.0

iswit=1

g0 to 130

calculstion of weights using first princiral comronent

do 115 i=lrsncell

do 115 J=1rnvar

umat(irud)=float(mat(ird))

continue

call lroot2(:matsnvarsrootsranksricell»$140)
iswit=2

g0 to 130

calculstior of weights using rrobability without rerlacement

call lroot2(exPrnvarrrootrrankrncell »$1490)
iswit=3

rankind and disrlavw of weights

call rankem(ranksrnvar)
c3ll disela(rankrnvarrrootsiswit)

rprint 150

format(lxs"do vou want to enter a rnew model?*/)

call ans(rpauxz?)

if(prauz.eq.yes.and.pz2.eq.¥es) 90 to 1635

if(pauz2.ea.yes) so to 10

Frint 160

format(1lx,"do you want to run another calculaticon on same model?*/)
call ans(pauz)

if(pauz.eq.ves) do0 to 90

if(Frz2.ne.yes) d0 to 22

rrint 170

format(1l:r* do wou want to save this model in 3 sedment?*/)



if{(rauz.ne.gyes) do0 to 210
srint 180
180 format(lxs" enter name of outrut file"/)
read(35+25) ifile
call assoc(llsyifiles®so °*)
write(11+30) ncellsnvar
do 200 i=lrncell
write(11+,190) (mstorelird)sd=lonvar)
1907 format(10a1) N
200 continue
call closer(il)
210 if(rauz2.eq.49es) g0 to 10
220 stor
end

19



ans.fortran

subroutine ans(rauz)
data ves/"g*/
deva sno/*n*/
data blk/°* */
resp=blk
305 read(5»306) rese
306 format(al)
sf((resr.eq."%es) .01, (resr.ec.sno)) dHo to 308
errint 310
310 format(®* rlease enter ves or no"/)
do0 to 305
308 P3UZ=SNO
if(resr.eq.ges) rPauz=yges
resrp=blk
return
epd

20



helr_model

This rrodgram exrects as input the number of cells(ncell) amd variables
(nvar) in the model ur to 3 maximum of 10 each. The model itself
consists of -1y Oy and +1. In the ourtut of the model matrix these
are rerresented by -y 0y and + resepectively:, The product matrix
{(nvar %X nvar) is the model matrix premultirlied by its transrose.

This matrix is used in the *srimitive" or sum of seuares method,

Along the diadonal of the tally matrix (nvar % nvar) are the totsal
number of rpositive occurences of each variable. The urper triandgular
matrix consists of the rpositive-rositive matches of the variables
and the lower triandgular matrix consists of the nedative-nedative
matches. This matrix is used in the 1st erinciral comronent
calculation.

The diadgonal of the esrobability matrix consists of 1.0,

The urrper triasnsular matrix consists of the rositive-rositive and
nedgative-nedative matches obtained from the tally matrix and the lower
triamgular matrix consists of the trinomizl probabilities.

21



translat.fortran

subroutine translat(ncellsnvarsX)

c

c subroutine to translate the sumbols —¢v0r+ into the intedgers -1+0s+1 resret
\ctively

c

common /a/ mstore(10,10) »modell(10,10)sic(10y10)rirrob(10+10)yexr(10,10)
dimension isum(3)

data isum/"-"»"0%y*+°/
do 20 Jd=1lsnvar
do 20 i=lrncell
do 10 k=1,3
if(mstore(ird)e.easisum(k)) g0 to 20
10 continue
write(6»15) mstore(isrdd)rivd
15 format (1l "bad data ®»3ly® in rosition "ril2»1xsil)
return 1
20 modell(iyd)=k-2
return
end

22
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10

30
40
50

iccalc.forts-an

subroutine icecalc(ncellsnvar)
subroutine to calculate the tallu matrix

commonry /3/ mstore(10»10)»modell(10»10),ic(10510)9iFrrob(10510)se:r(10,10)
do 10 i=1lynvar

do 1¢ d=1lsnvar

ic(isd)=0

continue

do S0 i=lsnvar

do 40 J=1sncell

if{modell(dri).eq.0) g0 to 40

if(modell(dsri)egt s0) ic(isid=ic(iri)+1

1=i+1

if(l.gt.nvar) g0 to 40

do 30 k=lsnvar

if(modell(dsk).dt.0sa3ndemodell(dsi) gt .0) iclisk)=ic(isk)I+]
if{modell(drk).1t.0s3ndemodell (dri) 1t 0) ic(krid)=ic(ksyi)+l
continue

continue

continue

return

end

23
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transros.fortran

subroutine transros(ncellrnvarsitrans)
subroutine to calculate the transrose of model matrix

common /3/ mstore(10»10)symodell(10»10)9ic(10+10)rirrob(10,10)rexr(10,10)
dimension itrans(10,10)
do 10 i=lsncell
do 10 J=1lsynvar
itrans(dri)=modell(ird)
107" continue
return
end

24
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mult.fortran

subroutine mult(ncellsnvarsritranssmat)
subroutine to rremultirlz the model matrix by its transrose

common /a/ mstore(10»10)ymodell(10+y10)9ic(10+10)sirrob(10,10)sexr(10+10)
dimension itrans(10+10)ymat(10,10)

do 10 i=lsnvar

do 10 J=lsnvar

mat(irJ)=0

do 10 k=1lrncell

mat(ird)=mat(iridtitrans(irk)Xmodell (ki)

continue

return

end

25
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10

30

40

coprob.fortran

subroutine corrob(ncellrnvarrmat)

subroutine to calculate the rrobability matrix

common /3/ mstore(10+10)rmodell(10»,10)»ic(10+10)9irrob(10,10)rexr(10,10)

dimension mat(10,10)

do 40 i=lsnvar

do 40 .J=lsnvar

if{i~J) 10,20+30
irrob(irdd=ic(dridt+ic(ird)
g0 to 40

exr(ivd)=1.,0
iFrrob(irid)=1

g0 to 40
k=ic(isddtic(iri)
it=ic(iri)

Jt=ic(drd)

ir=mat(iri)

Jr=mat (Gyd)

call Frrob(ncellyitrsdtrirrdrrkyirro)
irrob(ivdl=irro
exr(irdl)=float(irro)/100,
exp(dri)=float(irro)/100.
continue

return

end

26
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rrob,fortran

subroutine rrob(nstistdsrisridrker)
subroutine to calculaste trinomial Ffrobasbility

inteder tirtirrisrdrrralrhasrbets
fact=f(nN)/{(F(LI)XFf(n-rJ)Xf(rd-ti))
2=k
if(k2.1e.0) g0 to 105
sum=0.,0
do 100 i=1,k2
mu=i-1
do 100 J=1yi
nu=g-1
itl=ti-nu+l
if(it1.1t.0) g0 to 15
sum34=0.,0
do 50 1=1,itl
alrha=1-1

15 it2=rJ-ti-mutnu+l
if(it2.1t.0.3ndsit1.,1t.,0) g0 to 75
if(it2.,1t.0) €0 to 30
suml12=0.,0
do 25 m=1»yit2
beta=m-1
cl=b((n-ri-alrha)sbets’
if(cleeq.0.0) d0 to 30
c2=b{((ti-nu) sy (ri-tdi~-mutnu-bets))
suml2=suml2+clXc2

25 continue

30 c3=b((n-ri)ryalrha)
if(c3.ea.0.0) g0 to 75
cl4=b((ri-ti-mutnu)y(ti-nu-alrha))
sum34=sum34+c3Xc4ksuml?2

50 continue

75 cO=b(tirnu)
if(cS.eq.0.0) d0 to 100
c6=b((ri~-tid)y (mu-nu))
sum=sumtcOXcoéksum34

100 continue
teme=(sum/fact) %100,
rz=ifix(temr)
if((tempr-r).gdteed) FP=rp+l
g0 to 110

105 p=0

110 roturn
end

27
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f.fortran

real function f(n)
real function that calculastes the factorial of n

f=1

if(n.le.l1) return
do 10 i=1lsn

f=Ffki

return

end

28
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b.fortran

real function blnsr)
real function that caslculates the combinatorial of ini
Vol

inteder r

b=0

if((regtondiore(r.s1t.0)) return
nr=n-r

b=f(n)/(f{(r)Xf(nr))

return

end



writem.fortran

subroutine writem(ncellsnvarsmat)
c
c subroutine for =ritind the rroducty tally and rrobability matrices and dis
\crlaving the ranked weights
c
common /a/ mstore(10»10)rmodell(10+10)9ic(10+10)rirrob(10+10)rexr(10+10)
dimension rank(10y2)ymat(10,10)
Frrint S
format(1xs® model matrix®"/)
do 25 i=1lrncell
write(6+20) (mstore(ird)rd=lenvar)
format(1x»,1031)
continue
Frint 30
30 format (1l "rroduct matrix*/)
do 40 i=1lrnvar
) write(6,39) (mat(isdd)rdi=1lynvar)
39 format(1ix»10i4)
40 continue
Fsrint 50
S0 format(1lxy"tally matrix®/)
do 65 i=lsnvar
write(6+339) (ic(ird)rd=1lrsnvar)
65 continue
rrint 70
70 format(1lx»® rrobability matrix®/)
do 80 i=iynvar
write(b6»35) (irrob(isddrd=1envar)
80 continue

&)

LSS
ao

go to 110
c
c entry roint disrla ¢! for disrlaving ranked weidhts
c
entry disrla(rankenvarsrootriswit)
Frint 85
8% format(1xy"variable® 2%y "characteristic®»2xy "rank /2y "number®»7:y "weidght"
\¢)

do 995 i=lrsnvar
ir=ifix(rank(ir2))
write(6»90) isrank(irsl)eir
90 format (4:ri2s Py FE.397x9i2)
9%  continue
if(iswit.1lt.2) g0 to 110
write(6:100) root
100 format(1lx»" characteristic root= *»e?.2/)
110 return
endg

30



prim.fortran

subroutine eprim(ncellrnvarsrankesmat)
subroutine to calculate weishts using the sum of sauares method

dimension rank(10s2),itrans(10,10)ymat(10910)ss5c@(10)
stot=0.0
do 10 i=lynvar
ss@(i)=0.0
do 9 J=1lrnvar
ssa(i)=ssa(i)+(mat(irJ)X%k2)
S continue
ssal(i)=sart(ssal(i))
stot=stott+ssa(i)
10  continue
4819 1=1rnvar’
rank(irl)=ssa(i)/stot
15 continue

return
end

31



lroot2.fortran

subroutine lroot2(dsnrrootrvectrricell»x)
¢ SURROUTINE TO CALCULATE WEIGHTS OF CHARACTERISTICS BY USE
c OF EIGENVALUES
dimension vect(1092)rv(10)9v1(i0)st(10)»(10510)
test=.,00001 .
it=0
k=200
vmax=0,
da. 10 J=1sn
10 vmax=vmaxt+abs(d(1rJ))
nmax=1
do 25 J=1lrn
Prod=0
do 20 JJd=1lrn
rrod=rrodt+abs(dg(irdd))
20 continue
if(prrod.li.vmax) do0 to 25
vmax=rrod

nmax=J

25 continue
do 30 J=1ln
viJl=1

if(d(nmaxsd)elt.0.) v(id)==1
if(d(drddeeas0.) v(i)=0
30 continue
40 it=it+1
do 50 i=1lyn
v1(i)=0
do S0 J=1rsn
S0 vi(id=vi(id+d(irJ) kv (d)
root=vi(nmax)
if(root.le.0.) d0 to 70
sumt=0
d0 60 i=1,n
vect(irl)=vi(i)/vil{nmax)
t(i)=abs(v(i)-vect(irl))
sumt=sumt+t(i)
60 vi(i)=vect(isl)
k=k-1
if(k)b5+65+90
45 if(sumtli-sumt)70,90,90
70 rrint 75
75 format(® not converging®///)
do 80 i=1sn
80 vect(i»1)=0
root=0
return 1
?0 sumtl=sumt
if(sumt—-test)100,100,40
100 sumv=0
do 110 i=1,n
110 sumv=sumvtvect(irl)xvect(irl)
den=sart(sumv)
do 120 i=1sn
120 wvect(irl)=vect(irl)/den
return

end 32
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30

40

rankem.fortran

subroutine rankem{ranksnvar)

subroutine to rank the weidghts in descending order

dimension rank(10:2)rtemr(10)sitemr(10)

do 10 i=1lsnvar
temr{(i)=rank{irl)
itemp(i)=i
cormtinue

do 30 i=1snvar
k=nvar-i

do 20 Jd=1»k

if(temr(J).de.temr(J+1)) do0 to 20

store=temr (J)
istore=itemr(.J)
temr(d)=temr (J+l)
iteme(i)=itemr(J+l)
temr(.tl)=store
itemr(d+l)=istore
continue

continue

icnt=1
rank(itemr(1),2)=1

do 40 i=2synvar
it1=ifix(1000.%Xten~(i))
it2=ifix(1000.%temr(i-1))
ifditl.ne.it2) do to 35
rank(itemr(i)»2)=icnt
g0 to 40

icnt=ient+l
rank(izemr(i)s2)=icnt
continue

return

end
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